X-ray laser action has been demonstrated in laboratory plasmas at wavelengths ranging from 350 to 35 Angstroms. These lasers work by electron collision and recombination pumping. They have high peak brightness (equivalent to a GeV, 47~ blackbody radiator), narrow bandwidth ( A o / o -l O-4), and pulse lengths ranging from 1 ns to 50 ps. These x-ray lasers have a typical spatial mode structure of about lo4 Fresnel zones, due to both refraction and the shape of the inverted plasma. In some cases, the xray laser has been driven into saturation, and therefore a significant fraction the inversion energy is usefully extracted into the laser beam.
The x-ray laser is now being used at LLNL as a tool for measuring the behaviors of hot dense plasmas. In particular, we have used the 155A Yttrium laser to study transient plasmas by both radiography and Moire deflectometry. These techniques have been used to probe plasma at electron densities exceeding 1022cm-3. The short pulse of this x-ray laser probe has made it possible to directly image ion densities in directly driven thin foils to an accuracy of I-2pm. In addition, we are constructing an xray laser interferometer using multilayer beamsplitters. If successful, this will lead to pm spatial resolution measurements of electron densities in plasmas.
Because of the blurring due to high subject plasma velocities, further increases in spatial resolution will rely on the development of very short pulse x-ray lasers (<30 ps).
We are developing such short pulse x-ray lasers using traveling wave excitation.
